Initiation of extracorporeal membrane oxygenation (ECMO) is stressful, especially for inexperienced extracorporeal life support providers. The main objective of this study was to create a novel, reusable mannequin for high-fidelity simulation of ECMO initiation. We modified a Laerdal neonatal mannequin (SimNewB; Stavanger, Norway) so that it could be used to simulate an ECMO initiation. A simulation of a neonatal patient suffering from meconium aspiration was performed in the pediatric intensive care unit, and participants included new extracorporeal life support specialists in addition to the composition of the clinical ECMO team. A total of 17 individuals participated in the neonatal ECMO initiation simulation. Questionnaire results showed that 88% of participants felt better prepared to assist in an ECMO initiation after the simulation. All participants (100%) agreed that the modified mannequin and the environment were realistic and that this simulation helps teamwork and communication in future initiations of ECMO. Simulation can be used for the prevention, identification, and reduction of anxiety-related crisis situations that novice providers may infrequently encounter during routine clinical use of mechanical circulatory support. Use of a reusable, high-fidelity mannequin may be beneficial for effective team training of complex pediatric ECMO-related procedures. 
The University of Arizona Medical Center has a strong history of education for mechanical circulatory support. For more than a decade, we have trained new extracorporeal life support (ECLS) specialists and provided continuing education for experienced specialists. Our training program is formatted according to the guidelines set forth by the Extracorporeal Life Support Organization. 6 Recently, experienced specialists expressed a high level of trepidation the first time they assisted with the cannulation and initiation of extracorporeal membrane oxygenation (ECMO). For this reason, we constructed a novel, reusable mannequin for use during high-fidelity simulations of ECMO initiation. We then performed a simulation scenario of an unstable newborn secondary to meconium aspiration. Our objectives for this research were to show feasibility of this reusable model and to reduce anxiety involved in placing an infant on ECMO by allowing new specialists to practice in a safe, simulation-based environment.
METHODS
Our training program for new ECLS specialists follows the ECLS organization guidelines. 6 Before the ECMO initiation simulation, we provided 24 hours of classroom didactic coursework and 8 hours of structured, hands-on time with an ECMO circuit (ie, water-drill). On the final day of the course, the students were asked to participate in a simulation of cannulation and initiation of ECMO, along with evacuation of air from the circuit. This was a quality improvement project to enhance the current ECMO training and, therefore, exempt from the institutional review board approval. The clinical scenario was introduced prior to initiation of the simulation exercise. The trainees received a written synopsis of the baby's history, from birth through the time of the decision to cannulate for ECMO because of the infant's diagnosis of persistent pulmonary hypertension secondary to meconium aspiration syndrome ( Table 1 ) . This scenario was adapted from the Extracorporeal Life Support Organization Specialists Training Manual. 7 The Arizona Simulation Technology and Education Center ( http://www.astec.arizona.edu ) staff conducted an orientation at the bedside in the pediatric intensive care unit (PICU) by describing the simulation and familiarizing the participants with the physical components of the high-fidelity mannequin. Participants were instructed to use all of the real equipment for the cannulation. Each candidate specialist was assigned a role ( Table 2 ) , and the responsibilities of each role were discussed prior to the simulation.
A high-fidelity mannequin model was constructed to simulate veno-arterial cannulation of an unstable neonatal patient because of meconium aspiration. The specific objectives of the simulation scenario were as follows: (1) learning objectives of the simulation were posed by the instructor throughout the training exercise and again reviewed during the debriefing to ensure that everyone received the information ( Table 3 ) . Time in the debriefing was also allotted to allow for questions, review of our institutional algorithms, and for participants to provide feedback on the experience.
The simulation was performed with the neonatal SimNewB mannequin (Laerdal, Stavanger, Norway) that had been modified by Arizona Simulation Technology & Education Center. This mannequin was chosen because it has umbilical vessels that can be cannulated, providing a more realistic neonatal simulation experience. Simulated neck vessels were constructed from a piece of latex tubing. Latex tubing with 8-mm external diameter and 6-mm internal diameter was chosen for its projected ease of cannulation and ability to sustain adequate flows. Each end of the tubing was attached to an intravenous saline bag by removing the ends of the administration and injection ports, pulling the tubing onto the port, and securing the tubing with a zip-tie. Simulated blood (Pocket Nurse, Ambridge, Pennsylvania) was added to the intravenous bag. The pediatric ECMO circuit consisted of the Jostra Rota Flow centrifugal pump (Maquet, Rastatt, Germany) and the Quadrox iD oxygenator (Maquet, Rastatt, Germany) Biolinecoated .25 inch tubing. We used a Cincinnati SubZero ECMO-heater (CSZ Medical, Cincinnati, Ohio) to regulate blood temperature. Using this novel ECMO model, a variety of flow rates can be achieved depending on the choice of cannulas ( Table 4 ) .
Before securing the jugular vessels to the mannequin, the internal circuitry was protected from fluid by placing DuoDERM (Convatec, Skillman, New Jersey) across the seams of the neck, shoulders, and back. For additional reinforcement, Tegaderm (3M, St. Paul, Minnesota) was then applied over the DuoDERM. The tubing of the jugular vessels was fixed in anatomic position by covering it with Tegaderm in the neck and DuoDERM along the right side of the mannequin ( Figure 1 ). Final preparations of the mannequin included the construction of a sheet of skin to place over the neck and chest wall of the mannequin and, thereby, to cover the jugular vessel tubing. The silicone skin was made with Dragon SkinFX-Pro (Smooth-on, Easton, Pennsylvania), to which Silc Pig (Smooth-on, Easton, Pennsylvania) flesh tone pigment was added. The silicone mixture was poured into a metal tray (1/8th-inch thickness) and took 45 minutes to cure. Once solid, we used a template to cut out the skin (see Supplemental Digital Content 1, http://links.lww.com/ANC/A2 , which provides a template for the simulated skin tissue). A small amount of Graftobian make-up loose powder (skin-tone light, Graftobian Makeup Company, Madison, Wisconsin) was then applied, and the skin was laced up in the back. The umbilical catheters were brought out through the Dragon Skin umbilical opening and secured in place. The mannequin was intubated and monitoring leads were applied ( Figure 2 
FIGURE 1.
Preparation of the Neonatal SimNewB mannequin. Note the tubing that extends up to the neck, simulating the carotid and jugular vessels. The tubing then traverses down the body of the mannequin to attach to the reservoir. The simulated skin is reflected backward and is positioned into place over the tubing before initiating the simulation.
amount to $200, which provides sufficient materials to create 6 to 8 models.
RESULTS
A total of 17 individuals participated in the neonatal ECMO simulation. Participants included 7 ECLS students, 3 experienced ECLS specialists, a pediatric intensivist attending, a congenital heart surgeon, a respiratory therapist, a perfusionist, a perfusion student, a nurse practitioner, and an operating room scrub nurse. This was the first time anyone at our facility had used this high-fidelity neonatal ECMO simulation mannequin, and it was the first exposure to simulation for several of the participants. The simulation was conducted in a patient room in the PICU; at the time of this simulation, all ECMO for our hospital was centralized on this unit. For maximal efficiency, the timeline of the simulation was determined prior to initiation of the simulation (see Supplemental Digital Content 2, http://links.lww.com/ANC/A3 , which shows the simulation timeline). Ample time was given to introduce the scenario, respond to questions, initiate ECMO, practice evacuation of air from the circuit, and debrief after the scenario had been concluded. The cannulation itself occurred through the neck vessels ( Figure 3 ). Once the ECMO circuit was deaired, the cannulae were connected and ECMO was initiated. The remainder of the simulation was then carried out. See a video of the making of the ECMO model as well as highlights of the simulation (see Supplemental Digital Content 3, http://links.lww.com/ANC/A4 , which shows the making of the model and highlights progression of the simulation).
Postcourse evaluations (see Appendix A, Supplemental Digital Content 4, http://links.lww.com/ANC/A5 , which is the postcourse questionnaire) demonstrated that 15 of the 17 participants (88%) felt the high-fidelity simulation would better prepare them to assist in future ECMO initiations. This included both the ECLS specialist students and the experienced specialists. In addition, all the participants felt that the simulated scenario "provided a sense of realism" and that the "debriefing was valuable." Subjectively, the experienced specialists remarked that participation in a similar simulation during their initial training would have reduced their anxiety during their first real ECMO initiation. Importantly, both new and experienced specialists indicated that the simulation increased their awareness of the steps to initiate ECMO and their willingness and confidence to alert the team leader to a potential problem.
DISCUSSION
In the appropriate clinical context, ECMO may be the final option when advanced cardiac life support has been maximized and is generally performed under emergent conditions. Recently, experienced ECLS specialists at our institution expressed that they felt a high level of trepidation the first time they assisted with the cannulation and initiation of ECMO. For this reason, we developed a reusable, high-fidelity model that could be used to simulate the physical process of carotid artery and jugular vein cannulation as part of the initiation process for placing a patient on ECMO.
Previous ECMO models have been developed by modifying commercially available high-fidelity mannequins with tubing and fluid reservoirs. [8] [9] [10] [11] In FIGURE 2.
Mannequin fully prepared for scenario, just before cannulation. Note the circumoral cyanosis.
FIGURE 3.
Cannulation of the simulated internal jugular vein and carotid artery using purse-string suturing method. point out potential errors to the team leader in future ECMO procedures. Finally, it enabled participants to verify that all of the appropriate ECMO equipment and supplies were present. Having a reusable model gives us the ability to refine the scenario and involve additional new specialists in the future at a very little incremental cost. Our project had 1 main limitation. This was a proof of concept that our newly developed mannequin would work for the intended purpose. Therefore, this study lacked a validated precourse and postcourse questionnaire to ensure quality and improvement. Having established the feasibility of conducting the training using this novel mannequin and having received positive feedback from our trainees during the debriefing, we then develop formal assessment tools and use them with subsequent simulations.
The development of an inexpensive reusable, high-fidelity model allows us to produce a reliable method to continually evaluate improvements in our teaching and training techniques. Using this model during the training of ECLS specialists was anecdotally found to instill confidence and encourage teamwork. Further studies are needed to confirm whether the perceived increase in comfort and preparedness translates to improved skill in a clinical setting. We hope that our efficiency with ECMO initiation improves as simulation participants become more comfortable with their own roles and are able to anticipate the needs of other team members. ECMO initiation under the best of circumstances is stressful for everyone involved. A realistic simulation should help students experience stress in a controlled, supervised environment, without risk to an actual patient. these models, tubing is typically connected via ports to an ECMO circuit to practice priming of the circuit, adjustments of flow rates, and emergency ECMO scenarios. However, none of these models allow for physical cannulation of the vessels; they do not include an artificial tissue skin specifically designed to allow a surgeon to make an incision to gain vascular access as part of the simulated cannulation procedure. In addition, none of these models provide a realistic bleeding response. Recently, 1 study developed a trainer independent of our own, who met these criteria. 12 These novel features, incorporated into both their trainer and our own model, increase functional fidelity by allowing the surgeon to practice specific procedures such as cutdown, ligature, cannulation, and advanced suturing techniques.
While featuring these same novel components, our ECMO model has several additional benefits. First, it is very inexpensive. The materials required to make 1 ECMO model cost approximately $25. Second, it is easy to assemble; it can be made in approximately 1 hour. In addition, we tested our model in a multidisciplinary simulation. This permitted the participating surgeon to practice the technical skills involved in the cannulation of neonatal vessels, while also addressing important teamwork skills involved in the actual initiation of ECMO. We used an interprofessional approach to include all team members (attending, residents, nurses, respiratory therapists, and perfusionists) who are involved during the actual initiation of ECMO. Consequently, our trainer was used in a setting that is more similar to the setting in which actual ECMO cannulation occurs. Performing this as an in situ training allowed more accurate progression of the ECMO initiation as compared to water drills that are the current standard in ECMO training.
We feel that it is important to replicate the complex environment of a real ECMO initiation with as much fidelity as possible. Medical professionals who adopt interprofessional teamwork building exercises similar to those employed by the airline industry have found significant improvement in their knowledge of teamwork and shared decision making. 13 Furthermore, these teamwork building exercises have been shown to decrease the number and severity of adverse events and improve patient outcomes. [14] [15] [16] [17] [18] Using the simulation in the actual clinical setting and using ECLS personnel and real equipment carried several potential benefits for trainees. First, the enhanced realism potentially allowed trainees to suspend disbelief while encouraging effective communication and helping trainees explore their respective roles in the procedure. Second, it may have instilled confidence in the trainees because they reported being more willing to
